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^JtCfflMt- 5 C £ #T * S Xg«£2r&RCFX«M!l£$t 

x«« 2i. d>ac < t bmmmm 1 0 
jsst$nrcx^xd=&^m-r*x^tiiS4£ > x^jg 

2 <bXS^WS3 £©*M£t$ft 1 0 ©WJ&SMKStT 

2 0*aiE-rsxiiig«««i*«A3!fcx* 

I0@BK 1 *»(,»-C. tm«ffi 1 0 S *5 1 ^(DJ6)©|SI^ 




[#HFil!#©ffiB] 

c £ K «£ 9 ±IBMi'j;£i3m>«'JS;£K#-f 
rS]*^B^Sx^nlg«1ti^ffl^fcX«J^g*ffl 

t,>T. 10 

Jiia»a'j^ii»4©*M^±ie i ^rsj©iiifetiit©iBi^*iii 

£ SSfc & S J: 5 Kit BJ&$'J5Ef3$f*£IIIS 0 . 
±MiXWMfr 6 ©Xi^AS±fB^H^sW©^®T^S« 
TS^ff KKIIffi-^^EXSgOAWI^iaSE U 
±sB&#J£!^4©±fB*lffi&cgB&-i}£ H lffi{c:k W 5 ^ 

tfcftRvt&xim&mivm&pitztp'CttLx, ± 
nm&®m<D®w$(DmmmRv±izxmM&®ttt<» 

iiBMS^WilBlIltetgti^ ±fBXi^lHlK«^i 20 

tmxikyj<DM$mMZ®&M& $ •a-r±iBx^ffis 
icxz&mmximmmttxmmzmK 

_hiB-€ffi£^MLT. 3 6(C±fBffe^©lie^*Il 

x&MfczmK 

\m ±lB-Sffl©^M £ ±lffiSMWX(iKiSW^ Xi^SJ 

^W«:±IBP^^©±IBlHlgft©±f3^©HRy : 
±IBXii§@&&$©±IB0Kft©±fBi^tEHrtr&S 30 

2 ^7cM^©x«?it^flT©aijs*?f^ c £ zftmt 
-r^xmm^s^. 

[mmm2] xm*&£.2-&m&it2H:z>xmmt. 

'PU < £ k&a'jTtim© 3 ^©^tb^ £ 1 ^©H 
3te«1f£ ^WOTtES - *3£g£ , 

JJBtftffljeWHK: J: o rJSI45 n/c±IBXi^?:^m-r -5 

±i zxuw t iMxwmm^t z 

fi^M-rsx^iagfli^ 40 
±ib i xmcDmm&ffivmnfflwz'n 1 ©hhsm® 

iMxmmmmmoMsmmz'iy s 2 ©@Kfwsp^a 
£ tcxm.®msm.x$> ~* x , 

mtctm 1 <DMmft®^®.<D®&.mmfm 2 <ommm 

1 ©@3£*W?f&«: <fc £lHli££3E©7£5fi&iI £ . 



ftfflW- 1 1 -304 72 9 
2 

©0©WiSi#8K: «fc £li&j£S©j££iIffl £ *J*MP:/ct 
*W#8:#t±!Bj£gfiiHrt ©— Jgffr* St^C*] L 

fte*©lHieS(lffli*KK:<fc^iHlg^^sa t ±fBXi^^ 

JilB— #©@3£ftJ®#©©±IB^S«Hl*3©— Sffi£SE 

3£gS£fflF*3-C#>-?±IB3fl2 ©m^jai^K: «tS±8Bia 
^2©^2iofflF^-C*.S 2 ^7C?I^rt©Xi^3lig^ 

vmhtxzzt zwm. £ -r 5 x mmmm. 

to 00 1] 

mm £ *mm v xn s x^a>js^sr* o r . misi* 

^©m«Hrt^lBl$Jtt^®F«3*1f *14^©f|®:|# 
tt©PffitcfflC^rJf3iAj:X^iiJS7^{c^t>So *?c, 

c oxmmjgjs&tcm^xtmK xuwijmmic&K 

[0 00 2] 

[se3S©e^] js^^^^c^r. ^©rtgpfeg^fc; 
£> tt**«!3er s^i* £ b r ». tAffi£tm«gneM 

(l<it>«9)-5cof4) ©H0*iIteS-a-^*i'DXi^©AS^ 
6» fc £ & KHJf ? ti S X^^S^IiJST-S P 9 + 
>^*-^-?>. ttffi£!m«:BieM (l»toi9>*a>tt) 
©13 •? tcU3S3 -a-^*' 6AI*« £ 0*f ft £ *1'J^-T^ C 
£«:J:oriM*g^-^©^a^^iiJ^-rSjl!>fS^v y 

[0003]*fc, ttAAOK-?-SIBinKZ)«QB«:irai-r 

afl^-TS 2 0 - (affi-^. ( h k 1 ) iSI(cfe» SJSS'f 
£ ( - h - k - 1 ) M B ^ffi(C*iW Sg«ffl^7 9 ^*ff 

[0 004]— co-2 0X*-c>*§coK:fc^r^ 

^a'j^rsc£(cj:-pr. aw£Ts (h k 1 ) $shb 
Ki^-r^is^^h k 1 #&©. t»metm«stcsjE 

«cM«^BrS^S»flJ>Sra'je-rS{:£k:J:oT, |B(6jtt 
[0 00 5] ±a©^rii. »aiSSCI4©^M(cS*b 

<c^SBtc*jW SfeS^fi[«^{t©« J F-f>Mrara%jS'JS 
[0 00 6] 
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[0 007] *CT\ XSgUDRBK^SAI-WctSr/jN 
iCCt-^r (bvbP&G I XS : flbKMMX*H*r 

[0008] cct. tmoamrccBtasKftifijiiKc 
srt-c^b-rssmosd^tcfcti-ctt. bu^cg i x s 

[0 009] £C3#. G I 

[0010] — G I X S <fc 5 2 0 - eoffiTB. tS 

®Hifn©X{b*t8£W«:«*.* c £#Eirc*£„ 

[00 1 1] Sfc, jH£©i3!*g^v » f>y{cfoc^-C 

b. ftffiK^tt^oaMrf^xttaMKWorM* 

a*. ^BKga&ttaBtc-^t^rB-eo^BrtiHiiggE. 
eaB-JMtroswbfcMe-rs c £ tt-cstti*. 

[0012] ±aufcWjHOJB«®fc»«:. #££HJK:*j 
t,»TB. aflH3tS5»©*BK:aa[«tiS»ffi«:-3i,>-c. * 
©ISMUBrSltt^-lf-f ftt. ROTBIBHH©««*I6^W 

fcjes-r-s ci«# ixcoi^ffisbf x«»]@sb 
&ffi«f-5t>©-e*-5. 

[0013] 

B. X«*«£Stf#fe{tS-eSX**£. 4>&<£4> 

aaca***© 3 -m<r>m\WM t i #isj©ni£««£ * 
»stifcx«**m-r4x«tfta«i. x^<tx^ 
ja«w>wB£»c*f * s#fl*SBR-r «x«uaigttw £ 

*«itfcX«a»aiSB*flHr>"C. &ffi£ttt4©&B# 1 
;^©ll«gSH8©@*£tt£gi&tc&4«fc 5 tcttBB&ttH 

*hsl. x««*6©x«waaH5ew»t©affi'c±R 
itr 4*fl=KaB^©xi(i©A*#ft *«se u . ttucsK 

Pf©«BKSa:%— fSUBCCteWS:/^ * iflxMlkft* 



C3) 1 1 -3 04729 

4 

flafiftitWil/r. Cft6 2o©|3IEft©j?r5£ffi 

■cf6^r©HK«fll*liK^SSi*rXiS«lfflg{cJ:5a 
tfcflXB»r«aftfc X ««3etff l» . -jeiBSSQS LT . 
S 6Kft^T©@IS««*lHll6t«S-&-C±IBX«ltttas 
tc J: S^WXBKf^^X^S'JS^tfCV £(W— Sit 
fi«Hi»t««XttlKltt«»teX*«5e««l»)jEL. 

io [0014] 4M®xmgoaB*. x«*»*s-tt 
#fefb s e s xaijK t . < t bmaew&o 3 
<mmmt 1 ^©H(E«Mtt*wi/rjit-s=f-*> 

-*§£g£. tjMffiEtmcci-srswstifcjJBX** 
4WH-T4XIMIMHS&. X*aRiX««kaJS4*'en* 
'tiBIIBS ttriaiES tt * C £ K cfc D tt«BStW<D«£M( 

tc»-ri^*sai-rax«@«««4. i#raj©HiE 
mmommmzn *> m 1 ©s£M0#g £ . x fanse 

«f ©B<KWffll**T 5 IS 2 (DiW^Si £fii;lfcX 
«gIT4.ot, tt«jaW©H6»ffi«:*jt*S-/ 

20 7 ?is.st3&*mtc-rm i cdskmsp^sobiear 
ca* 2 ©ieigsijai^s©iHigft £ . * i (Dwmmzfg. 
©@Rft*t-4>£ urtf fcftssfi i <t 
imeta&ojfeaEttH £ . m 2 ©aKMfmsenKft * 

©jtSfiH£*5*0SP^n^5A«:*fLr^6n > 8HJi*p 
7'n . _LS3 1 ©iaiEM9¥SRbi e m2 © 

SKMfiMtO 5 %tr>-r*a*>— *©@K*(lffll*S*s*S 

®{c«fc 5 @g*3ESCXX«^aS«: J; Sil^WXBKiS 

30 wftxsH»e*«&s*i. — *©@«ww*a©jfe*«H 

^©Ilfefllffl^efc <fc SHIBfeSSOf JJBX««H««: 
Jf&^^BIKIIKttXaHHJ&MttOiBSn. 
K* 1 ©HIE© IW^SK J: 5SK36S©jfia«Hrtr*> 
2 ©BKMfli^K J: SBKttSOttSUBAr « 
•5 2 J>^c^i^©X«5fiS^flj*sf#6<a-5 fe©-C$>5„ 
[0015] ±a©*«WKJ:n«. X*tff*>6©X* 

■fymmm.mmomm-c±s.sit **fl={c*B^©x«© 

40 Jiffi«:*»^*^^^®WicJ:4X«l*ifie-riCi*J 
v 9m8&&*ffitc? 2 o©@<E««©[5IKft€r*^£ 

b fcffimm® 2 ^5c«wrt© x mus^Bimsr % 

©r. a«J^a*4©SB«:SiftftfeSB{c*jwstg^B 
IBW©*<l3il/BW*fl[<C«f t©»ff*jE*«:»i« c £ 

[0016] 

[»ra©sus©?^®] m 1 *fflv>r*^tc^s 
x««ce*j*©«9:*i«wr*. 01*, [10 
50 o]-. [oio]-. [ooi]* rjft-rfcBitt. * 
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W03-=-v Y*<t7 hJl>£5rT. -€-L/T. [100]" i 
[0 10]" ©2-5©ai» h-^i' h;Wf£¥®(i. 

ffiS x y ¥E 4 3 n £ »J5£l#f4©ftM 4 W tc £ . 
[0 0 17] gfc, 0 1 if. J--'? [0 0 

i ] * uzmmwms zji, &mmm<D3m±ma.tj: 

l«ffl(rir*S. a-? h^* hJb [0 1 o] ■ tc¥ 

[0018] wasoaawDafljes-ctt. H^uottweK 
i ©J32©iai#r xssag©^ (S*^s«-c^) * 

fci£tS^»r®SyK:feH:fS^teT-,£0 1 0 ©JSiZ2©HIflT 
x^^s©^*s<js-r 5 C 4 tt-C£ tt*» o fc 0 

! [0019] CtllCtt l/T, ^^©Xlggj^ffiKii 

^^^©^MtW^tS^f-KMSyfCfe 

wsaas^o i o commomm xm®&<D&n;*mm 

•$ Z> C 4 •£ ©t?* £„ 

[0020] «t>r. *^©x,«aa^ffi©nis©^ 

ffiifeSi^T*. H2B. *^©Hife©0SS<tUr. # 

^©x^S"js^Ro-x««'j^M©^(c®ffl-rs 
[0021] ca>x«Bimn@KK 1 «. St^fefts 

tifcX*X o*^t,t*»5eWft 1 0ttA!t*<*-t±-5X*a 
S2 4. ttffiSItt* l 0©^©^^»JSi*^ i 0pg©«« 
je*M©ttB»*»3e-r*='-=-*v-ara5B3t. @«f 

XjgX d ©^J^iESKciiJSTS fc«t>©»)}?tg^W 0 fc 
[0022] *effc3tlfcXi««2 4 Uttt. ftWJKCC 

m^-rm^mmtmmxm^mm^xmmm^m^ 

Ge (2 2 0) tgSffl4fl3t>fc^ + >*;l'*^ h*§H2 
ffi.*m^tc4t£M,=i y y- *ny-£CC 
JroT, x**¥fefb*»->¥fTft-J-4. 
[0 023] ft. ty^oy-JKfflwnsayy- 
£4 LTtt. G e© ( 2 2 0 ) l&AiH£0f-<DliAM«ffi 

ttA l o4ffl(,»fc2 «»Aa y y - *-©MSBo=& 
fflt>fc=j y y- -e©ffe©*fe{b ; Sraw4 i,fc3 y 

[0 024] ±m<Dm&itLtcXUZ. X y hflMCJ: 

o-cawjew* 1 o ©si® i o s <Dmm.tiLW3fa<Dxn 
©*kwr t/c. c n^Ai-txi^x o 4 L-cmmmzm 

1 0 ©a® 1 0 s dcMMT S„ 

[0 025] X«2 , * y » h«££trXffJUt* 

1 0 ©31® 1 0 s AS* XiglX o ©AJWft a £ 

KffcSttSC4#«-CSfS«]5Si-J-S. ft. XMUSO 
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ffl#4^hS#SRtotKC. =f-:*y-£$|g3fflij©fg 
*J"C#.S»fiS4L/-Cfe«fct,». 

[002 6] rfi*>-jr«3 tt. 4>& < 4 &ttffl£ 

twi o©a® i o s Mmm&tjimm&offimicwiw 
»a«i ooiuitRSiTiMaffii o©a<j^L 

fcl>;£« AJiXJfEX o ©AJWfcWc WC* * J: 5 K* 
tfStifcxM. yf*. z#©3#^ft©^t6«<t4?rW 
10 OTlfJaSftS. *fc. B2<DX<RBtT91^cBl-C 
«. S6(Ceolie«l«©coHite«{CSfi«c0lll£lftKJ: 
-»T88HJ£Kf4 1 0 ©31® 1 0 s iwcttwaw 1 
0 ©St® © * te 0 ft b 3 * 5 C 4 afts-C * -5. 4> BCfll 
«%#Lr«W5Shri>s. tfSL<t*. eft 

[0027] xmmmA u. £#4 oruso^* 

20 £. -e-Lt. iHlSrft (261) 4, o>BIBM*>0iatgN£ 

[0 02 8] *fc. X^tHg4©ft#B. AWfta^c 
^b-tt"CMfi«Hl 0 s(C*t-rSffli4ftft*iAWft(c^ 
L/^ftSatc^ssnsi^tcur. «iP«i*^io© 
*M 1 0 s -C±%.$i2ti. fo-omm 1 0 s KiliiEfcjfgll 
®1 lr^^fSWftftTSWSnfcSSrXaiXd* 

[0029] C©X«tfcffig4 4 LTtt, 

30 X« (ftSLXIR) ©^ffi • D»rfl (20) ^iEffitCfiJ^ 

[0030] ±m<DTi-5 -firmmt uxa. mz.\z 1 

fSSBW^KGe (220)I^W>/cft>W* 

» Mta*ffli>sc4*fcsi. ft. r^^-c-y^g 
m&LiawDmsiip h^n-^-i ims* m^zctt* 

40 [ 0 0 3 1 ] ft. X««ltoS4 «. 0 2 K^TlISfXi^ 

x d «ii-ox**>*ffirar 5 «t *> a*kms*fflt»r 6 «fc 

[0032] ^E-br. XiI2£^-^-^13i 
Xi^*img4 4«. #3g©— *{C*JC>-C» 
te«'JS§j$*4 1 0 ©*W(CSiSJ&*gS® 1 1 ©aW5E©t§£ 
tc*j(,»-Ctt«iJ5£K*4 1 0©^®1 0 s±©— *(c*$l> 
r. X««2<DdB4E«HtOdB«M. XflHMW4<E> 

2 eiHie«#©2 eiiief*. coEiigtt. 

ft&C©-,£M£3i»3. *ioXiS!Z®2*ie.©AS*Xi^AS 
50 CO— ^EMKAJ«-*«t9k:EBflteS3n*. C©MS'J 



7 

338*1 0<DmWl 0 s±©— j5M*». Xifg!lsI5r3£tt© 
fiJJSKfc W 5 t£M£itt4 1 0 ©»3&£ 4 ft £ „ 
[003 3]^, ^HCttli. A*MSa©@3tel*4co@ 

tat i ©£mw . ±as©ice^M t a 6 a w >«usas*a 
[oo34]$fc. enK«». 2 e gpegH*. come 

fttft, *0*aS#©&HII£«#. SCfxtt. yf*. zW 

c o o 3 5 j ». e se«*4 2 e staMti*. 

[003 6] C©«fc 9 %XJNa*rfl!l£igK 1 *fl§«,»T. 

■J-*. ttanSHA 1 0 ©SI® 1 0 s tc&£iM£j£iMCc*t 
OT. ««J5ES#f*l 0©SiBl 0 sf^JSW^C-TJ: 

[003 7] *©«. ffflffiEKft 1 0 ©*® 1 0 s KH 
HSNK&iiJHI 1 1KJ:4^7» 5 
ft . l£8iJ5£l*f* 1 0 ©@£© co BIEHMS® SKA co <h . 
|ftfflS4©2 0@IE»»©igK«2 0i*IB&rS. C 

c-c. ttmsK&i o©*ffii o s*5. 6>@e«ii2 e 
■rsi^sffi 1 1 ttowmmt 2 0BRN*s¥ff(c&& <t 

[003 8] •€• LT. g3£L.fcAt*ftgafXi^Xo^ 
«3&*MK:AJWS-S4 4|5]B#ft. «BEL «fc 5 4 LTOS 
JSAffi 1 im«(hk0) *6fiffi©ffirtK**©^7 ? 

X«3SK©»W%i!JEr*. BP ft. [§l$fc£rco£-5SfI4 

uT£o-20^*i'>K«fc sagswxBK^wa X^PJ 

•JE*ff-3rx*«WH«4K«J:»)H*fX««©9lU8»fli*» 

«WXttK«WftX4«jW?e*tTlrV cn=£liIlKfta>©3f 

[003 9]jSj, — 5Effi©co-2 0ft*tL.-Cco.X+-i'> 
**$ff 5CifcJ:-»T. X*«Jgftff5*tt«r»-»'C 
*>BI«©*S**fi*C iJi«-C**. 

[0040] c n«:«fc i), -^7? ?EM&#ictsvzm 

KftcoJS2©> @feftco©Bi | T5t©HF < 33{POco-2 0©^f 

>t®fflw© 2 xjcmwmcidv zmmxmx d ©sss^- 

&h k 0#ifi©2;X5cWtt3itflWH&*»4 C <t*Jf# 
[0 04 1 ] C©4£, tSaSl l©fflPJK«©:75 9 
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ffiB. &tfco-2 0X* + >©j£S©l5H£125tL<r$4 

[0 042] *LT. KiKtt. tiASfl l©ErtS 
«©^5»y*fr*SIJirSHIEfta>©«. HI&ftco£ 
SCfbS-S5*H. Rtfco-2 e^+t >©>£3£©ffiH& 

2 e^+-f >©rti>-j*n*»— jhbk:H3£1/T\ fs 
#*j£*t,r»iwccHffx«*qH5es*i. -5£{g©^ 

10 E4@*rX«©«De*J«»)aE3tir, ftfe8KCCft6B 
o©$eHF*9R!>* co -20^tt >©^2©|iHl^© 
2^CjcMWc4»ttS XffGWK&fiftPftetiS «fc 5 

[0 04 3] c©»sbis**. mttott. mwzo- 

ft©S^H££2;A:rcl$&C^T3C4#r£S„ 
C©»6tifcS*rX«5!tK©^fli©«JglS*tt. JKNK. 
CflW»*fti«©*fl[*>6a!»?-ffilH©*flUR (Si*#© 

i) ccsitgsLtr^rscifc-c*^. 
20 [0044] ±a©«s©*jn«. mm<D&&?-? -» e 
> j: * aase t s . 

[0 04 5] J^©<fc5tC$iJ3e^T5Ci{C«fci3. AW 
XiXo©#Stt/Wtti. XIS«aS4©«Jt©J: 
StftSMfflLT. @tfXtBXd©ia*rft2 0£&jlttBfi 

<ffs?«:s'jsr#. a»tt^-j4i#2©a*fxit3iia»** 

2 ^AtcWk: fflfe < ^ c t ifi-c % & „ 

[0046] cfutcto. afit©a»»-fv9tr>ys© 
^rjiSPtrtr&t*. «ii o s{caaw*a!fST 

30 j£h k 0Sa©^ffiCC¥tf tta»8ffl9rfflCC*W*H»rX 
«3!t!e©^*©«!De*^I»ia*#S*WL.r»,»S. * 

K50 l.t 2 ^wtca^-r S C £ a*-? # -s . 

[0 047] CCT. »6nS2yC7C©B*rX«5iiaE» 

&^ffip B ipg©^{b©«T£it-r. s/c. cox+*>^[Sj 
©o:^»j^^tt. steLfcissffii i©isa*ffl[©i 

40 [0048]^LT, ^H B H ^fl[<!:fS-TSraPi©^«i*S|a 

i (,» ofc 1 iJCTcW* jgiJ5E©^> <3 u-cu. nf%<Dffim£ W 
S&SSo itffiM* L T I, £ -5 S #!. ±^© 

* 5«d»*BiBrs C 4*Sf # 5. 
[0049] SIKfifJ&ilS^liiS y *jW5£ 

-r-SCi*if^Sfc*K:. ggil 1 ©MrtlsIiK^ff:© 
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[0050] ±aw>3t«?i©xidiwe^rt*Kj: osbrk 
w&z'fi o td&^zm 3 (c^-r „ m 3 ©g^am^ci* 

[005 1 1 03I1, C©I#N- 1 0 ©g*® 1 0 s ©*£H 
ffi 1 1 ? ^fl=*S8fc-rilKft a>&&W&& 2 0 

@*fX^«S©^*^-r. BP^. 1**41 0©^®1 0 
s©ffiF*3ifea^ia©^^-^^^ : flJ ; WSi^^"t:<' : '-2>. 10 
[005 2 ] tomfe-CUs <o-29 -fifatc 4>^fc*>jA 

$3NSi#f4i oc^ffli o sfgtc. x«f:<il 

ifi»«:«^-3eR©»«C*W*«A 1 GaN, GalnN 

[ o o 5 3 ] ^ m3-eiz®mfta><Dm.M&<p>b<Dnm. 

±0. 2" . o)-2 6 <D®.Wfi$>'b(DPtfg.± 0. 0 5* 
SBBtt. ig B B B ffiraii§©^ ; fiJ^$SS*{4©^^©im© 20 

[0054] i^D^^micmixmmmijmommn 
fiitu, wuii 1 1 m^ommm^tm-p^ 
mftL-fc&mmm. ¥m#mm. ®vnmmmm*<ott 

fa±.icmmi>x. mtt&f'ux. mmm^-iz. 

XZZ. *30 
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: [0055] *m*<Dxmmmsm&vxnmgMiW. 

hS©^!*^ L&l,>®ffl-C-€-©{fe«l* fcfllJiSai^D ff 

s. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an X-ray 
measurement method and an X-ray measurement 
device that can totally grasp the crystal orientation 
property and mosaic property and the state of the 
interval between surfaces of crystal surfaces that are 
vertical to the surface of a sample to be measured. 
SOLUTION: An X-ray source 2, a goniometer device 
3 with a traveling mechanism in three directions x, y, 
and z of at least a sample 10 to be measured and a 
rotary mechanism in one direction co, an X-ray 
detector 4 for detecting X rays Xd being reflected by 
the sample 10, and an X-ray measuring device 1 with 
an X-ray rotary mechanism for changing directions 9 
and 20 of the X-ray source 2 and the X-ray detector 3 

for a measurement point M of the sample 10 to be measured are used, thus fixing a 
sample surface 10s so that it is vertical to the rotary mechanism of one direction co and 
setting an incidence angle a of X rays to conditions for total reflection on the sample 
surface 10s. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] X line source which is made to generate an X-ray and is made to monochrome-ize, and the 
goniometer equipment which has the migration device of the three directions of a device under test, 
and the rolling mechanism of one direction at least, and changes, The X-ray detector which detects 
the above-mentioned X-ray reflected by the above-mentioned device under test, The X-ray 
measuring device equipped with the X-ray rolling mechanism which changes the direction over the 
point of measurement of the above-mentioned device under test by synchronizing the above- 
mentioned X line source and the above-mentioned X-ray detector, respectively, and rotating them is 
used. The above-mentioned device under test is fixed so that the front face of the above-mentioned 
device under test may become vertical to the revolving shaft of the rolling mechanism of the one 
above-mentioned direction. The incident angle of this X-ray to this front face is set as the conditions 
in which the X-ray from the above-mentioned X line source carries out total reflection on the front 
face of the above-mentioned device under test. It centers on the angle of rotation of the above- 
mentioned rolling mechanism of a device under test which fulfills the Bragg reflection conditions in 
the 1 crystal face vertical to the above-mentioned front face of the above-mentioned device under 
test, and the angle of rotation of the above-mentioned X-ray rolling mechanism. In the predetermined 
range of the angle of rotation of the above-mentioned rolling mechanism, and the predetermined 
range of the angle of rotation of the above-mentioned X-ray rolling mechanism Where the angle of 
rotation of one of rolling mechanisms is made into constant value among the above-mentioned 
rolling mechanism of the above-mentioned device under test, and the above-mentioned X-ray rolling 
mechanism, carry out the revolution scan of the rolling mechanism of another side, and continuous 
or intermittent X-ray measurement by the above-mentioned X-ray detector is performed. Change a 
up Norikazu constant value, carry out the revolution scan of the rolling mechanism of above- 
mentioned another side further, and continuous or intermittent X-ray measurement by the above- 
mentioned X-ray detector is performed, henceforth ~ modification of a up Norikazu constant value 
and the above — the X-ray measuring method characterized by repeating continuous or intermittent 
X-ray measurement, and measuring X-ray intensity distribution in the two-dimensional field which 
is above-mentioned predetermined within the limits of the above-mentioned angle of rotation of the 
above-mentioned predetermined range of the above-mentioned angle of rotation of the above- 
mentioned rolling mechanism, and the above-mentioned X-ray rolling mechanism eventually. 
[Claim 2] X line source which is made to generate an X-ray and is made to monochrome-ize, and the 
goniometer equipment which has the migration device of the three directions of a device under test, 
and the rolling mechanism of one direction at least, and changes, The X-ray detector which detects 
the above-mentioned X-ray reflected by the above-mentioned device under test, The X-ray rolling 
mechanism which changes the direction over the point of measurement of the above-mentioned 
device under test by synchronizing the above-mentioned X line source and the above-mentioned X- 
ray detector, respectively, and rotating them, It is the X-ray measuring device equipped with the 1 st 
roll control means which performs the roll control of the rolling mechanism of the one above- 
mentioned direction, and the 2nd roll control means which performs the roll control of the above- 
mentioned X-ray rolling mechanism. The angle of rotation of the 1st roll control means which fulfills 
the Bragg reflection conditions in the 1 crystal face of the above-mentioned device under test, and 
the angle of rotation of the 2nd roll control means, this ~ with the scanning zone of the revolution 
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scan by the 1st roll control means performed focusing on the angle of rotation of the 1st roll control 
means The scanning zone of the revolution scan by the 2nd roll control means performed focusing 
on the 2nd roll control means angle of rotation is given to a control program, this ~ As opposed to 
the condition that one of roll control means is the constant value in the above-mentioned scanning 
zone using the above-mentioned control program among the roll control means of the above 1st, and 
the roll control means of the above 2nd The revolution scan by the roll control means of another side 
and the continuous or intermittent X-ray measurement by the above-mentioned X-ray detector are 
made, and the constant value in the above-mentioned scanning zone of the roll control means of the 
method of up Norikazu as constant value which is in this scanning zone and was changed The 
revolution scan by the roll control means of above-mentioned another side and the continuous or 
intermittent X-ray measurement by the above-mentioned X-ray detector are repeated. The X-ray 
measuring device characterized by acquiring the X-ray intensity distribution in the two-dimensional 
field which is in the scanning zone of the above-mentioned revolution scan by the roll control means 
of the above 1st eventually, and is in the scanning zone of the above-mentioned revolution scan by 
the roll control means of the above 2nd. 



[Translation done.] 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is an X-ray measuring method performed using total 
reflection and Bragg reflection, is used for assessment of surface characteristics, such as a device 
under test, for example, the crystal stacking tendency within a field, and mosaicism within a field, 
and relates to a suitable X-ray measuring method. Moreover, it uses for this X-ray measuring 
method, and is involved in a suitable X-ray measuring device. 
[0002] 

[Description of the Prior Art] As an approach of measuring signs, for example, crystal orientation, 
that crystal orientation changes according to the internal location, mosaicism, etc., in a crystalline 
sample The rocking curve method which measures the X-ray intensity diffracted when the angle of 
incidence theta of an X-ray is changed rotating the surroundings of a revolving shaft (the so-called 
omega shaft) for a device under test, The reciprocal-lattice mapping method which measures the 
intensity distribution of reciprocal space is used by measuring an incident angle and an angle of 
diffraction, rotating a device under test around a revolving shaft (the so-called omega shaft). 
[0003] Moreover, the 2 theta-omega method which measures the angle of diffraction from the crystal 
face measured, for example as an approach of evaluating the condition of the lattice spacing in a 
crystal, the approach of measuring crystal-face spacing by the bond method which scans to accuracy 
the crystal orientation which satisfied the Bragg condition of the echo in the crystal face (hkl) and 
the echo in the crystal face (-h-k-1), etc. are used. 

[0004] On the other hand, there is also the technique of measuring a stacking tendency and 
mosaicism by measuring an omega-2theta scan serially in each omega by measuring reciprocal- 
lattice cross-section intensity distribution vertical to the device-under-test front face near [ to the 
crystal face made into the object (hkl) ] reciprocal-lattice point hkl. 

[0005] the crystal face to which it leans to the front face of a device under test by the above- 
mentioned approach — or it is evaluating by measuring the situation and spacing of change of crystal 
orientation in the parallel crystal face on the surface of a device under test. 
[0006] 

[Problem(s) to be Solved by the Invention] On the other hand, on the surface of a device under test, 
in the case of the almost vertical crystal face, in order that the diffraction X-ray which carried out 
Bragg reflection may keep close in the interior of a device under test, measurement of a diffraction 
X-ray is impossible by the above-mentioned approach. 

[0007] Then, it is made to perform crystalline assessment by (the so-called GIXS:minute incident 
angle X-ray diffraction method), the rocking curve method, or the 2 theta-omega method (or omega- 
2theta law) by making the Bragg reflection by the crystal face vertical to a front face start, making 
small the incident angle alpha over the front face of an X-ray, and making the total reflection of an 
X-ray cause on a front face. 

[0008] Here, in measurement of the sample from which crystal orientation changes in a crystal front 
face, the situation of change of crystal orientation or a lattice spacing is measured about the almost 
vertical crystal face using the above-mentioned rocking curve method and the above-mentioned 2 
theta-omega method by GIXS including the field where spacings differ on the surface of the sample. 
[0009] However, it is difficult to distinguish and to evaluate by the rocking curve method by GIXS 
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in a sample from which near and crystal orientation changed [ the lattice spacing ] slightly, since two 
effectiveness of the effectiveness by a lattice spacing being near and the effectiveness by change of 
crystal orientation laps. 

[0010] It is difficult to, catch synthetically change of the spacing by the slight difference in crystal 
orientation on the other hand, although a lattice spacing is distinguishable by the 2 theta-omega 
method by GIXS. 

[001 1] Moreover, in order to measure an almost vertical reciprocal-lattice cross section and the cross 
section which inclined to the front face depending on the case to a front face about the reciprocal- 
lattice point of the direction of slant in the usual reciprocal-lattice mapping to the reciprocal-lattice 
point or front face of a direction vertical to a front face, Although change of the crystal-face bearing 
in the crystal face which inclined to the front face to parallel or a front face can be known, about the 
crystal face vertical to a front face, the surface internal version etc. cannot measure change of 
crystal-face bearing. 

[0012] The X-ray measuring method and X-ray measuring device which can grasp synthetically the 
crystal stacking tendency and mosaicism, and the condition of a spacing about the vertical crystal 
face on the surface of a device under test in this invention for solution of the problem mentioned 
above are offered. 
[0013] 

[Means for Solving the Problem] X line source which the X-ray measuring method of this invention 
makes generate an X-ray, and is made to monochrome-ize, and the goniometer equipment which has 
the migration device of the three directions of a device under test, and the rolling mechanism of one 
direction at least, and changes, The X-ray measuring device equipped with the X-ray rolling 
mechanism which changes the direction over the point of measurement of a device under test by 
synchronizing the X-ray detector which detects the X-ray reflected by the device under test, and X 
line source and an X-ray detector, respectively, and rotating them is used. A device under test is 
fixed so that the front face of a device under test may become vertical to the revolving shaft of the 
rolling mechanism of one direction. The incident angle of the X-ray to a front face is set as the 
conditions in which the X-ray from X line source carries out total reflection on the surface of a 
device under test. It sets in the predetermined range of these two angles of rotation focusing on the 
angle of rotation of the rolling mechanism of a device under test which fulfills the Bragg reflection 
conditions in the 1 vertical crystal face on the surface of a device under test, and the angle of rotation 
of an X-ray rolling mechanism. Where one of angles of rotation is made into constant value, carry 
out the revolution scan of the rolling mechanism of another side, and perform continuous or 
intermittent X-ray measurement by the X-ray detector, and constant value is changed. Furthermore 
the revolution scan of the rolling mechanism of another side is carried out, continuous or intermittent 
X-ray measurement by the above-mentioned X-ray detector is performed, modification of constant 
value and continuous or intermittent X-ray measurement are repeated henceforth, and X-ray intensity 
distribution in the two-dimensional field which is predetermined within the limits of two angles of 
rotation eventually is measured. 

[0014] X line source which the X-ray measuring device of this invention makes generate an X-ray, 
and is made to monochrome-ize, and the goniometer equipment which has the migration device of 
the three directions of a device under test, and the rolling mechanism of one direction at least, and 
changes, The X-ray rolling mechanism which changes the direction over the point of measurement 
of a device under test by synchronizing the X-ray detector which detects the above-mentioned X-ray 
reflected by the device under test, and X line source and an X-ray detector, respectively, and rotating 
them, It is the X-ray measuring device equipped with the 1st roll control means which performs the 
roll control of the rolling mechanism of one direction, and the 2nd roll control means which 
performs the roll control of an X-ray rolling mechanism. The angle of rotation of the 1 st roll control 
means which fulfills the Bragg reflection conditions in the 1 crystal face of a device under test, and 
the angle of rotation of the 2nd roll control means, The scanning zone of the revolution scan by the 
1 st roll control means performed focusing on the angle of rotation of the 1 st roll control means, The 
scanning zone of the revolution scan by the 2nd roll control means performed focusing on the 2nd 
roll control means angle of rotation is given to a control program. As opposed to the condition that 
one of roll control means is the constant value in a scanning zone using a control program among the 
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roll control means of a top 1st, and the 2nd roll control means The revolution scan by the roll control 
means of another side and the continuous or intermittent X-ray measurement by the X-ray detector 
are made, and the constant value in the scanning zone of one roll control means as constant value 
which is in a scanning zone and was changed The revolution scan by the roll control means of 
another side and the continuous or intermittent X-ray measurement by the above-mentioned X-ray 
detector are repeated. The X-ray intensity distribution in the two-dimensional field which is in the 
scanning zone of the revolution scan by the 1st roll control means eventually, and is in the scanning 
zone of the revolution scan by the 2nd roll control means is acquired. 

[001 5] Since the angle of incidence of the X-ray to a front face is set as the conditions in which the 
X-ray from X line source carries out total reflection on the surface of a device under test according to 
above-mentioned this invention, the X-ray by the black echo in the vertical crystal face can be 
measured on the surface of a device under test. Since the X-ray intensity distribution in the two- 
dimensional field of the predetermined range centering on the angle of rotation of two rolling 
mechanisms which fulfills the black reflective conditions in the 1 vertical crystal face on the surface 
of a device under test is measured Distribution of change of the lattice spacing in the vertical crystal 
face and change of bearing within a field can be known to accuracy on the surface of a device under 
test. 
[0016] 

[Embodiment of the Invention] First, the concept of the X-ray measuring method which starts this 
invention using drawing 1 is explained. Inside of drawing 1 , and [100] *, and [010] * and [001] * 
The shown arrow head shows the unit vector of the reciprocal space in the direction of a x axis, y 
shaft orientations, and z shaft orientations, respectively. And [100] * [010] * The flat surface which 
two unit vectors make becomes the front face of a device under test and parallel which are usually 
made into xy flat surface. 

[0017] Moreover, inside of drawing 1 , and unit vector [001] * The parallel cross section Sz is a 
reciprocal-lattice cross section vertical to the front face of a device under test. Unit vector [010] * 
The parallel cross section Sy is a reciprocal-lattice cross section parallel to the front face of a device 
under test. 

[0018] By the above-mentioned conventional measuring method, distribution (a drawing middle 
quantity line shows) of the surrounding diffraction X-ray intensity of the reciprocal-lattice point 001 
in the reciprocal-lattice cross section Sz vertical to the front face of the device under test in drawing 
was measured. However, distribution of the surrounding diffraction X-ray intensity of the reciprocal- 
lattice point 010 in the reciprocal-lattice cross section Sy parallel to the front face of a device under 
test was not able to be measured. 

[0019] On the other hand, in the X-ray measuring method of this invention, distribution of the 
surrounding diffraction X-ray intensity of the reciprocal-lattice point 010 in the reciprocal-lattice 
cross section Sy parallel to the front face of a device under test can be measured. 
[0020] Then, the gestalt of operation of the X-ray measuring method of this invention is explained. 
Drawing 2 shows the outline block diagram of the X diffraction measuring device 1 applied to 
operation of the X-ray measuring method of this invention, and an X-ray measuring device as a 
gestalt of operation of this invention. 

[0021] This X diffraction measuring device 1 consists of an X line source 2 which generates X-ray 
Xo monochrome-ized enough, and carries out incidence to a device under test 10, goniometer 
equipment 3 which sets up bearing of a device under test 10, the location of the point of 
measurement M in a device under test 10, etc., and X-ray detector 4 with the resolution for 
measuring the direction of diffraction X-ray Xd to accuracy. 

[0022] the monochromator equipped with 4 crystal collimator using not only synchrotron orbital 
radiation but 2 sets of channel cut crystals using a collimator with [ using the rotating target X-ray 
generator or the X-ray generator using an X-ray tube / using one or more crystals ] monochrome- 
izing and the parallel-ized function for an X-ray, for example, germanium (220) crystal face, as a 
monochrome-ized X line source 2 — an X-ray — monochrome-izing — and it parallel-izes. 
[0023] In addition, as a collimator used for a monochromator, the crystal faces other than the crystal 
face (220) of germanium can be used, the crystal of those other than germanium can be used, or the 
collimators aiming at other monochrome-izing, such as 2 crystal collimator which used one channel 
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cut crystal, and a collimator using the single crystal face, can also be used. 

[0024] A slit etc. restricts the monochrome-ized above-mentioned X-ray only to the X-ray of the 

direction of a measuring point of 10s of front faces of a device under test 10, and 10s of front faces 

of a device under test 10 is irradiated by making this into incidence X-ray Xo. 

[0025] X-ray illuminating system containing the X line source 2, a slit, etc. is considered as the 

configuration to which the incident angle alpha of incidence X-ray Xo to 1 0s of front faces of a 

device under test 10 can be changed by changing an inclination preferably. In addition, it is good by 

changing the inclination by the side of goniometer equipment 3 also as a configuration to which the 

incident angle alpha can be changed instead of changing the inclination of X-ray illuminating 

system. 

[0026] Goniometer equipment 3 has the migration device of 3 shaft orientations of the x axis 
constituted so that the point of wanting to set omega rolling mechanism which can rotate a device 
under test 10, and the location of a device under test 10 as the perimeter of a revolving shaft almost 
vertical to 10s of front faces of a device under test 10 at least, and to measure a device under test 10 
could be moved to the incidence location of incidence X-ray Xo, the y-axis, and the z-axis, and is 
constituted. Moreover, with psi revolving shaft still more nearly vertical to omega revolving shaft of 
omega rolling mechanism, it is parallel to 10s of front faces of a device under test 10, and it has psi 
rolling mechanism to which the gate angle of the front face of a device under test 10 can be changed, 
and consists of X diffraction measuring devices 1 of drawing 2 . And it considers as the 
configuration which can be preferably moved independently by each [ these ] rolling mechanism and 
the migration device, respectively. 

[0027] X-ray detector 4 is installed on the rolling mechanism (2theta rolling mechanism) which can 
be rotated with the revolving shaft same as a whole as the sample rolling mechanism (omega rolling 
mechanism) of above-mentioned goniometer equipment 3. And an angle of diffraction (2theta) is 
constituted so that omega revolving shaft and psi revolving shaft can be measured as a core. 
[0028] Moreover, according to the incident angle alpha, as whenever [ to 10s of sample front faces / 
tilt-angle ] is set as the include angle alpha equal to an incident angle, the sense of X-ray detector 4 is 
constituted so that diffraction X-ray Xd which total reflection was carried out at 1 0s of front faces of 
a device under test 10, and was reflected on black reflective conditions in the crystal face 1 1 vertical 
to 1 0s of front faces can be detected. 

[0029] As this X-ray detector 4, a scintillation detector can be used, for example and it considers as 
the configuration with which the equipment which has the function which can measure bearing and 
the angle of diffraction (2theta) of a diffraction X-ray (scattered X-rays) to accuracy, for example, 
the so-called analyzer equipment, was installed ahead [ that ]. 

[0030] It has the analyzer crystal using one or more crystals as above-mentioned analyzer 
equipment, for example, and an analyzer crystal can use the channel cut crystal which used for 
example, germanium (220) side. In addition, the analyzer equipment which consists of 
configurations other than the configuration above-mentioned [, such as analyzer equipment of for 
example, three crystals or one crystal, ] can also be used for analyzer equipment. 
[0031] In addition, the detector which can also detect X-rays other than diffraction X-ray Xd shown 
in drawing 2 may be used for X-ray detector 4. 

[0032] And the X line source 2, goniometer equipment 3, and X-ray detector 4 In measurement of 
the crystal face 1 1 vertical to the front face of the device under test 10 concerning this invention, in 
one specific point, it sets one on 10s of front faces of a device under test 10. In this one point M, as 
the incidence X-ray from a passage and the X line source 2 carries out incidence to this one point M, 
the arrangement configuration also of any is carried out for theta revolving shaft of theta rolling 
mechanism of the X line source 2, 2theta revolving shaft of 2theta rolling mechanism of X-ray 
detector 4, omega revolving shaft, and psi revolving shaft. One point M on 10s of front faces of this 
device under test 10 becomes the point of measurement of the device under test 10 in measurement 
of X diffraction reinforcement. 

[0033] In addition, although psi revolving shaft can also take the configuration which does not pass, 
Intersection M, i.e., the above-mentioned point of measurement, of a revolving shaft and omega 
revolving shaft of the incident angle alpha, it is considered as the configuration which passes along 
the above-mentioned point of measurement M as preferably shown in drawing 2 . 
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[0034] Moreover, each migration device of each rolling mechanism of theta rolling mechanism, 
2theta rolling mechanism, omega rolling mechanism, and psi rolling mechanism and a x axis, the y- 
axis, and the z-axis is considered as the configuration which it each becomes independent, and it can 
revolution-scan, can move automatically, and can be preferably set as the include angle of 
arbitration, or the location of arbitration by computer control. 

[0035] In addition, by synchronizing, respectively and making it rotate, theta rolling mechanism and 
2theta rolling mechanism can rotate only an angle of rotation theta from both psi revolving shafts, as 
shown in drawing 2 . 

[0036] The case where the X-ray measuring method concerning this invention is enforced using such 
an X diffraction measuring device 1 is explained. To the point of measurement M in 10s of front 
faces of a device under test 10, alpha is set as a shallow include angle whenever [ incident angle ] so 
that total reflection may be caused at 10s of front faces of a device under test 10. 
[0037] Then, the angle of rotation omega of omega rolling mechanism of a revolution of a device 
under test 10 and angle-of-rotation 2theta of 2theta rolling mechanism of a detector 4 are set up so 
that the Bragg condition by the crystal face 1 1 almost vertical to 1 0s of front faces of a device under 
test 10 may be satisfied. It is desirable to adjust psi revolving shaft so that the crystal face 1 1 and 
omega revolving shaft to measure, and 2theta revolving shaft may be parallel so that 10s of front 
faces of a device under test 10 may become vertical to a field including omega revolving shaft and 
2theta revolving shaft here. 

[0038] And while changing an angle of rotation omega in near angle-of-rotation omega are satisfied 
with of the Bragg reflection conditions of the field internal reflection of the crystal face 1 1, for 
example, (hkO), the crystal face, which it is going to measure at the same time it makes point of 
measurement M carry out incidence of X-ray Xo by alpha whenever [ incident angle / which was set 
up ], an omega-2theta scan is performed serially and distribution of diffraction X-ray intensity is 
measured. That is, the intensity distribution of a diffraction X-ray are acquired with X-ray detector 4, 
an angle of rotation omega is changed, X-ray measurement continuous as another constant value or 
intermittent is performed [ continuous or intermittent X-ray measurement with an omega-2theta scan 
is performed by making an angle of rotation omega into constant value, ] for an angle of rotation 
omega, and this is repeated by predetermined within the limits of an angle of rotation omega. 
[0039] In addition, by performing omega scan serially to omega-2theta of constant value, even if it 
takes the approach of performing X-ray measurement, the same result can be obtained. 
[0040] Thereby, the intensity distribution of diffraction X-ray Xd in the two-dimensional field of 
predetermined within the limits of the angle of rotation omega of the angle-of-rotation omega 
circumference in Bragg reflection conditions and predetermined within the limits of omega-2theta 
can be acquired. That is, the two-dimensional intensity distribution of the reciprocal-lattice point hkO 
neighborhood in reciprocal space can be acquired. 

[0041] At this time, it is made to measure by setting up the value of the angle of rotation omega with 
which are satisfied of the Bragg condition of the field internal reflection of the crystal face 1 1, the 
range to which an angle of rotation omega is changed, and the range of the scan of an omega-2theta 
scan. 

[0042] And if the value of the angle of rotation omega with which are satisfied of the Bragg 
condition of the field internal reflection of the crystal face 1 1, the range to which an angle of rotation 
omega is changed, and the range of the scan of an omega-2theta scan are given preferably With a 
control program, either is fixed to constant value among an angle of rotation omega or an omega- 
2theta scan. Another side is scanned, a diffraction X-ray is measured continuously, modification of 
constant value and measurement of a diffraction X-ray are repeated, and the X diffraction measuring 
device 1 is constituted so that the X-ray intensity distribution in the two-dimensional field within the 
limits of these angles of rotation omega and within the limits of the scan of an omega-2theta scan 
may be acquired eventually. 

[0043] The intensity distribution of each direction can be grasped two-dimensional by displaying an 
axis of ordinate on omega shaft, and displaying an axis of abscissa for this measurement result on an 
omega-2theta shaft or its reverse. In addition, the measurement result of distribution of this obtained 
diffraction X-ray intensity can also change and display an axis of ordinate and an axis of abscissa on 
the system of units (1 for die length) of reciprocal space from the unit of an include angle. 
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[0044] The procedure of above-mentioned measurement is the same as that of measurement by the 
usual reciprocal-lattice mapping. 

[0045] By measuring as mentioned above, using the monochromaticity/parallelism of incidence X- 
ray Xo, and the merit of the precision of X-ray detector 4, angle-of-diffraction 2theta of diffraction 
X-ray Xd can be measured with sufficient resolution to a precision, and the diffraction X-ray 
intensity distribution near a reciprocal-lattice point can be known finely two-dimensional. 
[0046] By the usual reciprocal-lattice mapping method, this not only has the features of the usual 
reciprocal-lattice mapping method, but has the features whose measurement of distribution of the 
diffraction X-ray intensity in a reciprocal-lattice cross section parallel to the front face of the 
reciprocal-lattice point hkO circumference almost parallel to 10s of front faces which cannot be 
measured is attained. Moreover, distinction can distinguish a difficult change of a lattice constant, 
and change of crystal orientation, and can express as the rocking curve method in the above- 
mentioned GIXS two-dimensional. 

[0047] Here, in the two-dimensional diffraction X-ray intensity distribution acquired, the breadth of 
the omega-2theta scan direction and distribution express the situation of change of a lattice spacing. 
Moreover, the breadth of the omega scan direction and distribution express the situation of 
wandering distribution of the crystal orientation of the measured crystal face 1 1 . 
[0048] And in being the complicated structural material with which fluctuation of crystal orientation 
and a lattice spacing combined, omega scan repeats or there is a danger carry out an understanding 
which made the mistake in differing from actual structure, in the way of- like 1 -dimensional 
measurement of repeating an omega-2theta scan, but since two-dimensional information is acquired 
comprehensively, according to the measuring method shown in the gestalt of above-mentioned 
operation, it is avoidable in risk of carrying out an understanding which made the mistake in being 
such. 

[0049] Moreover, since the reciprocal-lattice cross section Sy parallel to a front face can be 
measured, the situation of field internal-version change of the crystal face 1 1 can be measured 
quantitatively also [ the lattice spacing within a field ]. 

[0050] The result of having measured actually with the X-ray measuring method of above-mentioned 
this invention is shown in drawing 3 . The sample 10 used for measurement of drawing 3 is the GaN 
(gallium nitride) epitaxial growth crystal grown up on silicon on sapphire. 
[0051] Drawing 3 is the circumference of the angle of rotation omega which fulfills the Bragg 
condition of the crystal face 11 of 10s of front faces of this sample 10, and angle-of-rotation 2theta, 
and shows distribution of the diffraction X-ray intensity when changing these angles of rotation 
omega and 2theta. That is, the wandering distribution condition of the crystal orientation within [ of 
10s of front faces of a sample 10 ] a field is expressed. 

[0052] although neither change, nor breadth, i.e., the breadth of a lattice constant, or change is 
observed also in the direction of omega-2theta in this measurement — the inside of 1 0s of front faces 
of a device under test 10 ~ or when [ from which a lattice constant differs near the front face very 
much ] matter, such as AlGaN and GalnN, is intermingled, for example, change and breadth are 
observed also in the direction of omega-2theta. 

[0053] In addition, although it was the case where the main include angle of **0.2 degrees and the 
range of omega-2theta were set as the main include angle of **0.05 degrees, and the range of an 
angle of rotation omega measured, in drawing 3 , according to the condition of samples, such as 
distribution of crystal-face spacing, and distribution of crystal orientation, the range of these 
measurement can set up the large range or the narrow range if needed, and can perform two- 
dimensional distribution measurement. 

[0054] As an object for application of the X-ray measuring method concerning above-mentioned this 
invention, it can use for quantitive assessment of the orientation within a field of various ingredients, 
such as a nitride system ingredient of an III group element, a metal thin film which carried out 
crystal orientation, a semi-conductor thin film, and a dielectric thin film, for example. And exact 
assessment of the crystallinity of an ingredient can be attained, it can apply to crystalline 
improvement, and the property of various devices, such as a semiconductor device, a magnetic 
recording device, and a display device, can be improved. 

[0055] The X-ray measuring method and X-ray measuring device of this invention are not limited to 
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the gestalt of above-mentioned operation, and, in addition to this, various configurations can take 

them in the range which does not deviate from the summary of this invention. 

[0056] 

[Effect of the Invention] According to above-mentioned this invention, by carrying out mapping 
measurement of total reflection conditions and the Bragg condition on conditions with which it is 
made mostly satisfied, the intensity distribution of a reciprocal-lattice cross section almost parallel to 
a front face can be acquired, and also to the crystal face vertical to the front face of a device under 
test, the situation of fluctuation of the crystal orientation of crystal-face inboard and the situation of 
fluctuation of a lattice spacing are distinguished, and it can evaluate now synthetically from the 
intensity distribution of the obtained reciprocal-lattice cross section. 

[0057] Therefore, exact assessment of the crystallinity of various ingredients, such as a nitride 
system ingredient of an III group element, a metal thin film which carried out crystal orientation, a 
semi-conductor thin film, and a dielectric thin film, can be attained, and it can apply to crystalline 
improvement, and can contribute to improvement in the property of various devices, such as a 
semiconductor device, a magnetic recording device, and a display device. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram explaining the X-ray measuring method of this invention of 
reciprocal space. 

[Drawing 2] It is the outline block diagram of the X-ray measuring device used for the X-ray 
measuring method of this invention. 

[Drawing 3] It is drawing of the measurement result of having measured the front face of a GaN 
epitaxial growth crystal using the X-ray measuring method of this invention. 
[Description of Notations] 

1 X Diffraction Measuring Device, 2 X Line Source, 3 Goniometer Equipment, 4 X-ray Detector, 10 
Device under Test, 10S Sample Front Face, 1 1 Crystal Face, Xo (Incidence) X-ray, Xd Diffraction 
X-ray, M Point of Measurement 
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DRAWINGS 



[Drawing 1] 
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